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cause there is more of it." Pauline Borghese (Napoleon's sis-
ter), who posed for the statue, would have smiled at this tribute.
The Theseion at Athens is too small for him and only the Pyra-
mids come up to his expectations. In Florence, however, he
notices a misplaced inguinal artery in a wax preparation, and
goes straight to the correct inference, viz., that since the time
when the great Quattrocento painters practised dissection, ana-
tomical teaching at Florence seems to have been concentrated
mainly on the muscles. The most interesting thing in Mott's
book is his account of the petrified pathological preparations of
the Florentine Sigato. This Signor Sigato, it seems, had ac-
quired in the far East a secret process of petrifying animal sub-
stances, so that pathological preparations, thus hardened, could
be sawed into slabs, susceptible of a high polish, preserving at
the same time the most delicate details of structure and color,
even to the bloodvessels. Mott describes a table-top, a mosaic of
squares, showing perfect cross-sections of a phthisical lung, hy-
datids of the liver, renal calculus and cardiac lesions. The petri-
fied solid specimens could be thrown about in the roughest way
without damage. Mott tried to employ Sigato, who was heavily
in debt, but the unfortunate Florentine died three weeks later
and his wonderful secret died with him. If it could be rediscov-
ered, what wonderful archives in polished stone would be con-
veyed to posterity by pathologists and cross-section anatomists!

F. H. GARRISON

THE APPLICATION OF NEWER METHODS IN BLOOD-
CHEMISTRY TO CLINICAL MEDICINE

RENEE VON E.-WIENER
(Delivered before the New York Academy of Medicine, May 21st, 1925.)

The blood together with the lymph provides a vehicle for the
chemical correlation of the cells of the body. Any changed con-
dition in the tissue fluids will be promptly reflected in its com-
position and conversely any change in the basic constituents of
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the blood will affect the composition of the tissue fluid and hence
of the tissue juice within the cells. Disturbances in the function
of the organs of elimination as well as abnormalities in the inter-
mediary metabolism of the body will affect the composition of
the blood.
The composition of the blood is also materially affected by the

ingestion of food and the intensity of the catabolic processes.
While the concentration of certain basic components such as
water, inorganic salts and proteins is affected to only a slight
extent, the concentration of food substances being convecyed to
the tissues as well as the concentration of waste material varies
within wider limits and for a greater period of time. It follows
that for very exact work a diet of standard chemical composition
for a few days preceding the blood test is necessary, for clinical
work it suffices to obtain the sample from the subject in a morn-
ing fasting condition. For a determination of the basic constitu-
ents which are only transitorily affected by food ingestion a
three hour interval between food intake and securing of blood
sample is sufficient. About 80 per cent. of the blood is water.
Various gases, inorganic salts and organic compounds are held in
true solution. The more complex organic compounds, such as
proteins, higher carbohydrates, lipoids, etc., are held in colloidal
solution, while fats, especially shortly after absorption, are pres-
ent in finely emulsified form. Structurally the blood is a suspen-
sion of cellular elements in this heterogenous solution, the
plasma. The components of the blood, most of which are present
in minute concentrations, are unequally distributed between the
corpuscles and the plasm. Certain organic as well as inorganic
components do not penetrate the erythrocytes or if so only in
extremely small proportion. Fatty acids and lipoids as well as
the plasma proteins are also adsorbed to a certain extent on the
surface of the erythrocytes. It is best to employ plasma rather
than whole blood for the quantitative determination of its con-
stituents, except for those components which are present in
nearly equal or even greater concentration in the corpuscles than
in the plasma. Many of the blood constituents of clinical impor-
tance are present in minute concentrations and the need of pre-
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cautionary measures to avoid contamination by foreign sub-
stances must be realized. When the blood is obtained from the
subject not in a morning fasting condition but after a three hour
fast the time when the last meal had been completed and the
amount of food taken expressed in gms of carbohydrate, protein
and fat should be noted. To insure that the Luer syringe as well
as the needle employed are chemically clean and sterile, the syr-
inge must be washed with tap water, followed by two rinsings
with distilled water and dried over night at a temperature of 1100
Cent. The needles may be dried with alcohol and ether. Sterili-
zation by boiling in tap water does not insure a chemically clean
apparatus and causes errors not only in the calcium determina-
tion but also in other analyses of the blood. Before delivering
the drawn blood into a chemically clean and sterile glass flask,
containing a measured amount of anticoagulent, the needle
should be detached to avoid damage to the blood corpuscles.
The use of Sodium citrate as anticoagulent does not interfere

with the determination of plasma Calcium, nor does it render the
determination of plasma Fibrinogen more difficult, as is the case
when oxalate is used. The employment of Sodium citrate as
anticoagulent is entirely satisfactory only if it has been recrys-
tallized, finely ground in a steel or agate mortar, and introduced
into the flask in a dry state. Introduction of the citrate in solu-
tion and allowing it to dry causes the formation of larger crys-
tals which dissolve too slowly when the blood is added. The
minimum amount of Sodium citrate which will prevent coagula-
tion is 4 mgs per cem of blood, the maximum amount which may
be used without danger of causing hemolysis or affecting certain
determinations is 10 mgs per ccm of blood. For clinical work it
is best to keep within the limits of 4 to 8 mgs per cem of blood.
For research work a constant proportion must be maintained.
While determinations of a single component are often of clin-

ical value in following a case, a more complete picture is obtained
by a coincident analysis for the concentration of other elements,
and the diagnostic value of the quantitative anaiysis may thereby
be enhanced.

Such analyses have been made for a number of years and the
determinations shown in the following tables were chosen as rep-
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resentative from a great number of cases. Table I gives the
determinations of the Blood Sugar, Plasma Calcium, Chlorides
and Cholesterol and the Serum Proteins in Glucosuria, i.e., un-
complicated Diabetes Mellitus, Diabetes Mellitus with complica-
tions and the so-called Renal Diabetes. On the first line of the
table the limits of normal concentrations are shown. It is inter-
esting to observe that while the Plasma Calcium in uncompli-
cated Diabetes Mellitus is at the high normal level, if not actu-
ally increased, in the cases complicated by Arterio sclerosis and
Myocardial insufficiency it is almost always at the low normal
level or decreased below the normal concentration. In renal dia-
betes the Calcium concentration remains within the normal
limits. The chlorides in true Diabetes Mellitus are usually de-
creased below the normal level while in the renal diabetic cases
they are increased above the normal limit or at least a high nor-
mal. One case of renal diabetes was put on a salt free diet. The
chloride concentration became normal and the calcium, which
had always been within the normal limits increased slightly above
the normal. The concentration of the sugar in the urine de-
creased from an average of 2 per cent. with a blood sugar of 100
mgs per cent. to an average of 0.8 per cent. with the same blood
sugar concentration. The volume output remained the same and
the decrease in percentage cannot be ascribed to greater dilu-
tion. The concentrations of the Serum Proteins are high in Dia-
betes Mellitus and in Renal diabetes, especially the Albumen
fraction. Coincident with the decrease in the Calcium concen-
tration in the complications mentioned the Albumen fraction is
also found decreased. The Cholesterol in true diabetes is usually
increased in Renal Diabetes it is normal.
The changes in the concentrations of Blood Sugar, Chlorides

and Cholesterol as well as the excretion of Sugar and Chlorides
in the Urine have been followed during Sugar Tolerance tests on
true diabetics and renal diabetics. Figure I shows the typical
curves of mild diabetes mellitus, figure II those of renal diabetes.
The curves have been selected as characteristic from a total of
twenty cases.

Aside from the characteristic and well known difference in the
blood sugar curve, there is also a difference in the cholesterol and
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in the chloride curve. In cases of diabetes meliltus there is usu-
ally a slight drop in the chlorides and a drop in the cholesterol
30 minutes after glucose ingestion. The true renal diabetic at
30 minutes post glucose ingestion shows a decided rise in choles-
terol and a slight rise in the plasma chlorides, resembling the
normal but in a more accentuated form. The curves of sugar
excretion of these types also varies. In true diabetes mellitus the
curve reaches its peak shortly after the blood sugar curve has
passed its peak and at the fourth hour the excretion is materially
decreased. In renal diabetes the peak of the sugar excretion is
not likely to be reached or passed within the period of the ex-
periment. The chloride excretion curves do not differ materially.
The volume output also differs. It is delayed in diabetes mellitus
while in renal diabetes the fluid taken is excreted to a great
extent in the early period of the experiment. The vertical lines
in Figs. I and II indicate the volume output. There was no
change observable in the concentration of Calcium or Serum pro-
teins other than that accounted for by a very slight change in
cell volume. This observed change of fluid to cell mass in the
blood was however not sufficiently great to account for the
changes in the chloride and cholesterol concentration.
The cases of impaired kidney function (Table II) may be

divided into two main group§: the azotaemic type and the
hydraemic type.

In the azotaemic type the serum proteins are a low normal or
slightly decreased. There is no consistent decrease in the cal-
cium concentration nor increase in the chloride concentration.
The fibrinogen is slightly increased. Subjective symptoms and
clinical examination frequently lead to the presumption of the
existence of a focus of infection in the absence of focal symp-
toms. In such cases the determination of cholesterol and fibrino-
gen as well as the sedimentation rate is of considerable clinical
value especially if interval analyses are made. With azotaemia
there is always a reduction in the concentration of the urine uric
acid excretion which may be compensated for by an increase in
the volume output, without a marked or consistent uricacidemia.
The simultaneous determination of uric acid in the blood and

urine as well as the determination of the urine uric acid excreted
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during twenty-four hours is of value not only in cases of renal
insufficiency but also in uricacidemia without retention of other
nitrogenous metabolites. The kidneys in health concentrate uric
acid approximately twenty times but concentration as high as
sixty times may occur. An excess supply of uric acid of endoge-
nous or exogenous origin may raise the blood uric acid concen-
tration even in the absence of renal insufficiency. Again, with a
limited supply of uric acid and an increased volume output its
content in the blood may not be raised beyond the high normal
level despite a decreased ability of the kidneys to concentrate it.
The two factors, production of uric acid in the tissues and pos-
sible destruction in the blood or special organs, on the one hand,
and excretion by the kidneys, on the other hand, are quite un-
related.

If the blood and urine specimen are obtained from the subject,
one hour after the first voiding and in a morning fasting condi-
tion, which includes fasting from water, the ratio "mgs per cent.
Urine Uric Acid / mgs per cent. Blood Uric Acid" will normally
lie between 20 to 35. The ratio "mgs Uric Acid in 24 hrs. / mgs
per cent. Blood Uric Acid" on a purine free diet for a healthy
individual is 250 to 350. In mild kidney deficiency the single
specimen ratio will always be low, while the twenty-four hour
ratio, due to an increased volume output may be normal, and
the blood uric acid not increased above the high normal level.

The hydraemic type may again be divided into two groups.
"A" The chloride content of the blood is materially increased
while the serum proteins are not reduced or only very slightly
so. "B" The chloride concentration is normal or only slightly
increased but the concentration of the Se. proteins, especially
the albumen fraction, is very much lowered. The calcium con-
centration is below normal and the fibrinogen and cholesterol
are very much increased. Determinations on this type are shown
in table II. In this group of cases there is decided retention of
water in the tissues and this is due to a defective osmotic-filter
apparatus, that is reduction of serum protein concentration,
which mav be followed or accompanied by a slight chloride re-
tention. The nitrogenous waste products are not increased, or
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only slightly so, the alkali reserve, the pH and the inorganic
phosphorus are normal or only very slightly changed. The
usual tests for renal function, except water and NaCl elimina-
tion, are normal or only slightly subnormal. The cell volume of
the blood is usually not reduced. The reduction in the Se. pro-
teins occurs to the largest extent in the albumen fraction and
the ratio "Albumen/Globulin" is therefore materially decreased.
A ratio below 1 is often encountered; a ratio below 0.5 indicates
a severe condition. The fractionational precipitation of the pro-
teins must be carried out immediately after the sample has
been obtained. If the blood or plasma is allowed to stand, espe-
cially if exposed to sunlight or if an excess of anticoagulent has
been used, a change in the solubility of the albumen fraction may
occur which causes a reduction in its concentration and an in-
crease in the concentration of the globulin fraction.

The decrease in the calcium conc. runs parallel to the de-
crease in the albumen cone. The rise in the fibrinogen and
cholesterol recalls the increase in these substances observed in
chronic infections. Coincidently the sedimentation rate is very
much increased. Improvement in the condition is reflected by a
decrease in the sedimentation rate and repeated estimations of
the rate in such cases, as in cases of infectious diseases, e.g.,
T. B., furnishes a guide, other things being equal, of the progress
or retrogression of the disease.

Blood chemistry determinations in the toxemias of pregnancy
are shown in table III. The average typical concentrations
which obtain during the course of a normal pregnancy are shown
as well as blood chemistry estimations representative of the four
types of Toxemias.

In normal pregnancy there is a steady increase, in the choles-
terol and fibrinogen conc. progressively during the pregnant
term. There is a reduction in the cell vol. and this reduction
may account for the slight decrease in plasm Ca. concentra-
tion towards the termination of the pregnancy. The chloride
concentration in normal pregnancy is increased above the nor-
mal during the later months. There is a slight reduction in the
Se. proteins but the ratio Alb./Glob. remains normal.
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The Toxemias may be divided into four groups: "A" Vomit-
ing of pregnancy, "B" Toxemia with retention, "C" Toxemia
with uricacidemia, "D " Eclampsia.
"A." Depending upon the severity of the vomiting the chlo-

ride content of the blood may be increased if the loss of fluid is
relatively greater than the loss of HC1 from the stomach, or de-
creased if the reverse is the case, a secondary factor being the
degree of chloride storage in the tissues. Slight acidosis is often
present. The normal increase in cholesterol in pregnancy is ab-
sent and in the severer cases the cholesterol is decreased below
the concentration normal for non-pregnant women. Long con-
tinued vomiting (pernicious) may result in an accumulation of
nitrogenous waste products in the blood.

" B. " In this group there is definite retention of non-pro-
tein nitrogen, urea, uric acid and occasionally creatinine. The
fibrinogen shows the usual increase during pregnancy, it may
be slightly accentuated. The increase in cholesterol is normal.
The uric acid ratio is of the retention type. That is to say, the
blood uric acid may be increased or merely high normal with a
lowering of the per cent. excretion of the uric acid in the urine.
"C." This type of cases have definite uricacidemia but no

other nitrogen retention. The fibrinogen is increased above the
rise in concentration usually present during pregnancy. The
cholesterol may be far above the normal pregnancy cholesterol
level. The icterus index may be increased above the index nor-
mal to pregnancy and the Van der Bergh test for bile acids may
show the presence of bilirubin in a concentration greater than
0.5 mgs per cent. The urine uric acid to blood uric acid ratios
show that the kidney potential for concentration of uric acid
is either not at all or only slightly impaired and that the high
blood uric acid is not due to a decrease in the excretion of uric
acid by the kidneys below the normal concentration.
"D." In eclampsia there may be a moderate azotaemia but the

uric acid is the only nitrogenous metabolite that is ever exces-
sively increased. The calcium concentration is decreased, the
chloride concentration is usually low but sometimes normal.
The cholesterol may be increased or be normal for the period of
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gestation. If the concentration of the calcium and the chlorides
are expressed in millimols the product of the calcium concentra-
tion and the square of the chloride concentration is a constant
within narrow limits in health as well as in many pathological
conditions. This constant is reduced in acidosis, diabetic coma,
uremia and eclampsia; in fact in all conditions involving a
change in the reaction of the blood. The degree to which this
constant varies from the normal seems to indicate the degree
of acidosis present.

The determination of fibrinogen and of cholesterol as well as
the sedimentation rate is of value in cases of proven or of
suspected infection in which there are no definite or general
focal symptoms. In acute infections the fibrinogen is high and
the cholesterol at first is low. The defensive mechanism of the
body seems to involve a rise in the cholesterol concentration and
in chronic infections which are being actively combatted by the
body the cholesterol is always increased above the normal. In
certain infections, e.g., tuberculosis, the calcium concentration is
decreased below the normal. In furunculosis there is usually a
definite decrease in the cholesterol concentration.

In diseases of the skin the estimation of the uric acid, sugar,
calcium and cholesterol may be of clinical assistance. In urti-
caria, angio-neurotic edema and dermatitis the calcium is usually
decreased below the normal, in acne its concentration remains at
the high normal level.

In gout the blood uric acid is more or less increased, but
its deviation from the normal level is not as marked as is the
decrease in the urinary concentration of uric acid, especially
just preceding an acute attack. The fibrinogen is considerably
increased. The calcium is usually slightly decreased but in-
creases above the normal just preceding an acute attack have
been found.
The sedimentation rate is increased in many pathological con-

ditions, and by itself is therefor not of much diagnostic value.
The fibrinogen is not the only substance which by its increased
concentration causes an accelerated rate. The globulin frac-
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tion, cell volume, viscosity and the pH as well as a certain
unknown factor which causes a decrease in the sedimentation
rate also play a part in determining the rate at which agglutina-
tion and sedimentation take place. Many instances of "reduced
sedimentation rates" with normal cell volumes, normal protein
concentrations and even increased fibrinogen have been encoun-
tered. In most of these cases indicanuria was present and the
feces examination in some was said to show a high histamine
content. It is possible that the unknown factor which decreases
the rate of sedimentation may prove to be the presence of an
increased amount of an anti-agglutinating substance in the
blood. Such chemical bodies are found among the products of
protein putrefaction and at least one, histamine, is known to
lower the coagulability of the blood.
The cell volume estimation is a valuable aid in the proper

interpretation of the blood chemistry figures; in fact in certain
cases determination of the water content may also prove advis-
able. In the methods that are commonly used for the estima-
tion of substances in the protein free filtrate the volume occupied
by the precipitate is not taken into account and the filtrate is
considered as though occupying the volume of the original pre-
cipitation mixture. This introduces an error which may be dis-
regarded as long as the variations in cell volume remain within
the normal limits, since the values are comparable. If the cell
volume and hence the precipitate are much reduced the error
inherent to this method is also reduced and conversely if the cell
volume is increased the error is increased. Ten cem. of the
filtrate obtained by the Folin and Wu precipitation method from
a blood with a cell volume of 50 per cent. will contain the soluble
substances present in about 1.67 cem. of blood and not 1 cem.
as is assumed in the calculation. Conversely if the cell volume
is much reduced, let us say to 22 per cent., ten cem. of such a
filtrate will contain the soluble substances present in approxi-
mately 1.25 cem. of blood. The smaller the so-called dry volume,
i.e., the precipitate, the closer the approach to the theoretical
value. Adsorption of the soluble substances on the protein pre-
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cipitate is indeterminate but in any case could never compensate
for the above mentioned source of error. The variations in the
cell volume usually encountered are not sufficiently large to affect
the comparative values; but the influence of a reduced cell vol-
ume and hydraemia on the final results of the analyses should
be taken into account. Thus the often mentioned low urea and
sugar concentration in pregnancy may be attributed in part at
least to this effect.
The determination of viscosity and surface tension are physico-

chemical measurements which may prove of value.
Ionic antagonism is a phenomenon of great importance in life

processes and the determination of the other cations present,
aside of calcium, should be undertaken. The concentration of
resorbed intestinal toxins as well as the enzymatic activities
taking place in the blood stream, are subjects which also may
prove worthy of future investigation.

Supplemented by Urine chemistry, by the chemistry of the
Respiration and by Metabolic Rate estimation, blood chemistry
offers the best means of investigating the status of the chemical
equilibrium of a living organism and chemically correct and
critically interpreted blood analyses will be found to have a wide
and valuable clinical application.
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